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Handheld Light Flicker Detector (May 2017)
Jonathan D. Harvell Z1749961, Brent P. Rinchiuso Z1703448, and Corey E. Roys Z1691594

Abstract—Light flicker in common light sources can cause
negative symptoms in individuals with light hypersensitivity,
particularly those with autism spectrum disorder. The purpose of
this project is to design, build, and test a portable handheld device
that is capable of testing whether or not a light source possesses
enough flicker to aggravate hypersensitive individuals. The
prototype is a small handheld unit which contains at its core a
microprocessor, a light sensor, and a display screen. Testing
confirms the ability of the device to identify light flicker in several
types of bulbs. The completed device meets design criteria and
performs as intended during testing.

I. MOTIVATION

F

LUORESCENT lighting is as useful as it is ubiquitous. It

can be found in virtually all modern buildings. Studies
have shown, however, that there may be a significant
drawback for individuals with light hypersensitivity [1]. The
design of fluorescent lights involves rapid cycling of a light
source between high and low states, which can aggravate
light-sensitive individuals. Medical studies have confirmed
that this cycling causes distraction, irritation, inability to
focus, fatigue and several other negative symptoms [2]. A
solution has been proposed in the form of specialty types of
light with a much higher frequency which are supposed to be
beyond the detection threshold of human notice. Research is
ongoing in this field [3] with debate as to an ideal solution,
with at least one autistic contributor reporting that they still
experienced symptoms of their light hypersensitivity even
when using the mental-health friendly specialty bulbs [4].
Children with Autism Spectrum Disorder (ASD) are
particularly at risk as ASD can involve Sensory Processing
Disorder (SPD) in the form of light hypersensitivity [4, 5].
These children may suffer from the symptoms without being
adequately able to identify or express what the problem is. As
such our solution is a product designed for individuals with
ASD and more importantly parents of children with ASD.
We propose a solution in the form of a small portable
device which will be able to measure a light waveform and
identify the cycling frequency and variance at which the light
This paper was submitted on 5-May-2017. The project was funded by the
Department of Electrical Engineering of Northern Illinois University.
J. D. Harvell was a student with Northern Illinois University’s Department
of Electrical Engineering, Dekalb, Il 60115 USA. (Email
z1749961@students.niu.edu)

in a room or building operates. It will provide to the user a
simple graphical representation of the waveform and display
information on the frequency of cycling between high and low
states, the average intensity of the light (measured in lux), and
the variance between the high and low states as a percentage
of the calculated average. The device can be taken to
anywhere the child will be spending a significant amount of
time, such as a classroom or office and used to evaluate
whether or not the lighting at the location will aggravate the
child’s SPD. Armed with this knowledge, the parent(s) of the
child may then take appropriate action to ensure the child’s
mental health and well-being.
A secondary market for this device lies in the field of
research. As we have acknowledged in the first motivation
paragraph, research in the field of light flicker is ongoing and
significant results have not yet been published that clearly
defines the types or parameters of a light source that affects
someone who is hypersensitive to light. To our knowledge,
there is no standard among tests on light sensitivity in humans.
A handheld light flicker device like the one we are proposing
could be used in such testing. Not only would this device
make it easier for the researchers to record data, but it would
allow them to define and analyze light waveform profiles
alongside the documentation of any effects on the subject.
II. DESIGN
The prototype design is built around an Arduino Nano
microcontroller. Figure 1 shows a block diagram of the logic.
A standard 9-volt battery is selected to power the device; it is
connected to the microcontroller by an on/off toggle switch.
When toggled on, the 9-volt battery powers the
microcontroller, which produces a regulated 5 volts for any
circuit components requiring power. The microcontroller
drives a Vishay TEMT6000 phototransistor to sample light
input at a rate of 1 kHz (1,000 samples per second). The
resulting time domain signal is sent to a 4D Systems 1.44"
microLCD GOLDELOX Display uLCD-144G2 thin-filmtransistor liquid-crystal display (TFT-LCD) screen to be
displayed. In addition to the shape of the waveform, the screen
B. P. Rinchiuso was a student with Northern Illinois University’s
Department of Electrical Engineering, Dekalb, Il 60115 USA. (Email
z1703448@students.niu.edu)
C. E. Roys was a student with Northern Illinois University’s Department of
Electrical
Engineering,
Dekalb,
Il
60115
USA.
(Email
z1691594@students.niu.edu)
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also identifies other useful statistics such as the frequency of
the signal, average light intensity measured in lux, and
variance of the signal intensity as a percent of the average.
All components requiring an electrical connection are
connected by jumper-wires; the connection points are soldered
onto a small circuit board. All parts of the design are then
mounted inside a 3-D printed lightweight custom housing
(shown in Figure 2 and 3), which we designed in Solidworks
and printed through the Northern Illinois University
Mechanical Engineering department. The prototype housing is
made of Duraform PA plastic, a durable, flexible, and
inexpensive nylon polyamide. Aside from accurate
functionality, the most significant design goal is minimal cost;
this handheld device needs to be affordable and thus
accessible to anyone that may need it.

Figure 2. Housing design, exterior.

Figure 1. Block diagram of handheld light flicker detector.

III. IMPORTANT EQUATIONS

Figure 3. Housing design, interior.

IV. FAILURE MODE EFFECT ANALYSIS
This device has two principal failure modes for
consideration. The first is that the device does not give
adequate output to identify a hazard. In this case, the result is
the potential for the hypersensitive individual to suffer from
the symptoms caused by the light flicker. This cannot be
directly overcome as the time interval and lack of system
redundancy does not allow for error correction or testing. It is
further complicated by the wide array of environmental factors
that can cause similar symptoms.
The second failure mode is that the device falsely gives the
impression that a hazard condition is present where there is
none. In this case it may result in unnecessary investigation of
lighting systems in the area where the test was being
performed. This could potentially be solved by system
redundancy or a built-in test feature to check for system
operation.
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The third and most basic failure mode is that the device
simply does not turn on. In this event a diagnostic service could
be offered by the vendor which checks for mechanical defects
such as loose or broken wires, damaged circuits or broken
screens. Given the inexpensive nature of the device this
diagnostic and repair service would have to be implemented
based on a cost-benefit analysis to determine if it would be more
economical than simple replacement. Additionally, unit
replacement could allow for the vendor to refurbish damaged
units for resale to offset repair costs and ensure adequate
supply.
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V. TESTING AND RESULTS
The testing procedure consists of an operational check of
the device using several light sources to observe the behavior
of different light types at different ranges. Each test is
performed using the same desk lamp to prevent errors caused
by differences in power feed or any other influencing factors
that can be attributed to a separate housing. The test consists
of measuring the light stimuli from the desk lamp with the
device using three different bulbs: compact fluorescent (CFL),
light emitting diode (LED), and incandescent. The light was
measured at distances of 1, 0.5, and 0.25 meters away from the
bulb. A spread of distances allows us to tune the lux reading
on the display, yet they are far enough away to keep the
phototransistor from going into saturation.
One challenge in the reading was getting the true lux value
of the light intensity. Calculations were made using the
inverse square law; the lux value at the sensor should be equal
to the lumen rating of the bulb divided by 4π times the
distance traveled squared. The values we were getting were
based on the relative magnitudes that the sensor was capable
of handling. After data was collected, a correction factor was
determined to shift the relative value of light intensity to the
true value of intensity based on the readings of the
incandescent light, which was determined to be the least timevariant source. The CFL and LED bulbs do not reach the
steady state of intensity described in their specifications in a
reasonable amount of time; they continue to increase in
intensity slowly for a long period of time. Choosing the
incandescent bulb as the baseline ensures for an accurate
correction factor without running tests that take an extensive
amount of time.
The output displayed on the TFT-LCD screen is a plot of the
light intensity as a function of time. In most cases, a sinusoidal
waveform is exhibited due to the 120 Volt 60 Hz line voltage
supplied to the desk lamp. See Figure 4 for our experimental
resulting displays. In our tests as shown, most waveforms
exhibited a frequency of 125 to 142 Hz due to the on/off
switching state of the bulb. As the device doesn’t discriminate
with direction of current, the light frequency becomes
equivalent to the line voltage frequency doubled.

Figure 4. Output plots for (a) fluorescent array, (b) CFL, (c)
incandescent, and (d) LED light sources, respectively.

Another noteworthy comment on the results is that the
equations/code that calculate the frequency is entirely based off
of seeing maximum and minimum peaks; low variance in the
waveform creates an inaccurate reading of frequency. In the
case of the LED bulb, it is essentially in a constant on-state and
the peaks exhibited are negligible because the variance in the
waveform is zero percent and may be attributable to noise.
VI. BUDGET
One of the core requirements of this project is to keep the
costs to a minimum. It is a priority of ours to make this device
be affordable to the average person so that anyone can have
access to this device. As such, it is important to minimize
spending where possible. Below in Figure 5, an itemized
budget is provided.
If this project were to be taken to full scale production,
costs could be minimized further. Prices shown are based on
the small amounts that were necessary. Items can be
purchased in bulk, resulting in lower unit prices. Additional
effort could be put into finding cost efficient alternatives; most
selections were based on what was readily accessible. We are
confident that if these actions were taken, the cost per device
could be reduced to approximately $70.
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Figure 5. Itemized budget

VII. PROFESSIONAL AND ETHICAL PROBLEMS
The main dilemma faced with regards to this device would
be the reception of incorrect data which results in a decision
that may unilaterally be unneeded or otherwise
expensive. Being certain of the device’s output characteristics
and explicitly making it well known and documented about
any problems or bugs with the device should help avoid issues
of this nature.

VIII. CONCLUSION
The purpose of this project was to construct an affordable
handheld device that would allow for analysis of light sources
to identify potentially hazardous light flicker. The resulting
prototype costs less than $100 for a mass-market version and
is small enough to be easily portable. It is able to sample the
output of light sources at a rate of approximately 1 kHz and
outputs a plot on the device screen that describes the rate of
flicker as well as the average luminous intensity and percent
variance of the source under test. The sampling rate exceeds
the minimum required by the Nyquist criteria of sampling at
twice the rate of the projected flicker of the lights. Overall the
design meets both requirements and expectations and, while
there is certainly still room for improvement, the handheld
light flicker detector can be called a successful realization of
the project concept.
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